Different lifestyles, ranging from a saprophyte to a pathogen, have been reported in bacteria of one species. Here, we performed genome-wide survey of the ecological adaptation in four Burkholderia seminalis strains, distinguished by their origin as part of the saprophytic microbial community of soil or water but also including human and plant pathogens. The results indicated that each strain is separated from the others by increased fitness in medium simulating its original niche corresponding to the difference between strains in metabolic capacities. Furthermore, strain-specific metabolism and niche survival was generally linked with genomic variants and niche-dependent differential expression of the corresponding genes. In particular, the importance of iron, trehalose and D-arabitol utilization was highlighted by the involvement of DNA-methylation and horizontal gene transfer in niche-adapted regulation of the corresponding operons based on the integrated analysis of our multi-omics data. Overall, our results provided insights of niche-specific adaptation in bacteria. The ISME Journal (2016Journal ( ) 10, 2072Journal ( -2075 doi:10.1038/ismej.2015 published online 9 February 2016 Natural habitats, in particular soil and water, have been widely recognized as reservoirs for a variety of plant and human pathogenic bacteria (Rutala and Weber, 1997; Berg et al., 2005) . A shift from a natural habitant to a host-associated pathogen lifestyle has been reported in a variety of bacteria (Morris et al., 2007; Mahenthiralingam et al., 2008; Vial et al., 2011; Lee et al., 2013) . However, in most cases these natural habitants showed no virulence in plant and human hosts.
Natural habitats, in particular soil and water, have been widely recognized as reservoirs for a variety of plant and human pathogenic bacteria (Rutala and Weber, 1997; Berg et al., 2005) . A shift from a natural habitant to a host-associated pathogen lifestyle has been reported in a variety of bacteria (Morris et al., 2007; Mahenthiralingam et al., 2008; Vial et al., 2011; Lee et al., 2013) . However, in most cases these natural habitants showed no virulence in plant and human hosts.
This ecological phenomenon was understood in this study by examing the mechanism behind the niche adaptation of four B. seminalis strains DSM 23518 ( = LMG 24067 T ), 0901, S9 and R456, distinguished by their ecological origins as part of the saprophytic microbial community of soil or water but also including human and plant pathogens. This study clearly revealed the preference of each strain for specific niche environment based on both phenotypic characterization and growth in various niches. Indeed, the host plant apricot was specifically infected by strain 0901, while the cell number of strain S9 in water medium, strain R456 in soil extracted medium and strain DSM 23518 in CF medium is significantly higher (Po0.01, ANOVO test) than that of the other strains under the same conditions ( Figure 1 ). Furthermore, adaptation of each strain to specific niche was found to be highly associated with its unique metabolic capacity, as shown by the Biolog test results (Table 1 and  Supplementary Table S1 ). For example, infection of human by strain DSM 23518 was justified by its growth on 1.0% NaCl, similar to physiological saline. Utilization of D-trehalose and L-fucose by strain 0901 was justified by their existence in plant surfaces (Andersson et al., 2001) , while utilization of D-mannitol by strain S9 may be due to its high abundance in algae that normally grow in water (Iwamoto and Shiraiwa, 2005) . The growth of strain R456 in pH 5.0 coordinates with the result of Stopnisek et al. (2014) , who found that acid tolerance accounts for the biogeographical distribution of soil Burkholderia populations.
The integrated analysis of multi-omics data (Supplementary Figures S1-S4, Supplementary Table S2-S4) demonstrates the potential association of the ability to adapt to specific niche with genomic variants, evidenced by the identification of genomic islands (GIs) with a huge number of diversity, and niche-dependent differential gene expression of the four niches-adapted strains. The possibility of species misidentification was ruled out by using both MLSA-based phylogeny (Supplementary Figure S5a) and ANI-based method (Supplementary Table S5 ), although strain S9 clustered more closely with B. cenocepacia rather than with the other three strains based on phylogenetic analysis of the complete genome sequences (Supplementary Figure S5b) . Furthermore, functional enrichment analysis of the differentially expressed genes (DEGs) revealed the importance of the enriched COGs in the adaptation of each strain to specific niche, which was illuminated by the association of the 6 enriched COGs of strain DSM 23518 with bacterial growth, metabolism and virulence (Supplementary Table S6 ). Among these DEGs involved in strain-specific virulence, niche survival and metabolism, the contribution of horizontal gene transfer to niche-specific adaptation was validated by the result that gene expression pattern clustered by bacterial strains other than niche conditions, while the contribution of DNA methylation was validated by the result that 37, 24, 2 and 5 enriched methylated genes were differentially expressed under corresponding niche conditions of strains S9, DSM 23518, R456 and 0901, respectively. In order to rule out the possibility of random events, more attentions were paid on the differentially expressed operons. Representative examples of each strain were shown as follows (Supplementary Table S7 ). The growth of strain DSM 23518 in CF medium containing iron-enriched egg yolk and its infection to human was validated by differential expression of Fec-operon and virulence-associated bkdA1-bkdA2-bkdB-lpdV operon (Finelli et al., 2003; Sriramulu et al., 2005; Waite et al., 2006; Drevinek et al., 2008; Patell et al., 2010) , while expression of transcriptional regulator encoding gene on Fec-operon and bkdA2 and bkdB on bkdA1-bkdA2-bkdB-lpdV operon was epigenetically regulated by DNA methylation (Figure 1) . Furthermore, the infection of strain 0901 to apricot was validated by differential expression of many virulence-associated operons that located in GIs, such Table S8 . Statistical analysis of the genes with RPKM values 41 reveals the differential expression (marked as blank triangle) of virulence-associated operon bkdA1-bkdA2-bkdB-lpdV under CF condition of strain DSM 23518. The black vertical lines among the gene cluster reveal 7 and 9 DNA methylation sites on bkdA2 and bkdB of strain DSM 23518, respectively, while no methylated sites were found for the two genes in the other three strains.
Ecological adaptation in B. seminalis B Zhu et al as spc ribosomal protein operon (Shiba et al., 1984) , while the utilization of trehalose by strain 0901 was justified by the involvement of DNA methylation in the regulation for differential expression of gene cluster associated with trehalose uptake and utilization (d'Enfert and Fontaine, 1997; Foster et al., 2003) . The growth of strain R456 in pH 5 was justified by differential expression of operon associated with sulfur oxidation, characterized by a decrease of the pH, while the expression of BsemR456423 encoding D-arabinitol 4-dehydrogenase involved in D-arabitol utilization (Lin, 1961) regulated by DNA methylation justified the result that D-arabitol was unable to be utilized by strain R456, but utilized by the other three strains. In agreement with the result of strain DSM 23518, differential expression was also found in iron uptake operon that located in GIs from strain R456. In addition, the essentiality of iron uptake for the growth of strain S9 was validated by differential expression of orbSHGCDFB operon, which has been found to be important for uptake of iron in the Bcc bacteria (Sokol et al., 2000; Agnoli et al., 2006) . The importance of iron transport and uptake for the niche adaptation of different strains in this study was justified by the result of Mathew et al. (2014) , who found that the Bcc bacteria have evolved a wide range of strategies to overcome iron shortage and to ensure sufficient uptake since iron is a limiting nutrient in various inhabits, while mutants of Bcc bacteria, impairing in iron uptake, failed to grow under iron-limited conditions.
In conclusion, this result provides new insights into the ecological adaptation process in bacteria, highlighting the importance of strain-specific metabolism and niche survival in adaptation of each strain to specific niche. In particular, the importance of iron, trehalose and D-arabitol utilization during adaptation to specific niche was emphasized by the involvement of DNA methylation and GIs in nicheadapted regulation of the corresponding operons.
